The autosomal recessive limb-girdle muscular dystrophies (LGMD) represent a heterogeneous group of diseases which may be characterised by one or more autosomal loci. A gene at 15q has recently been found to be responsible for a mild form of LGMD in a group of families from the isolated island of Reunion, now classified as LGMD2. Based on results of eight out of 11 large Brazilian LGMD families of different racial background (which were informative for the closest available probe to the LGMD2 gene), we confirmed linkage to the LGMD2 gene at 15q in two of these families and exclusion in six others. These data provide the first evidence of genetic heterogeneity for the autosomal recessive limb-girdle muscular dystrophies.
Abstract
The autosomal recessive limb-girdle muscular dystrophies (LGMD) represent a heterogeneous group of diseases which may be characterised by one or more autosomal loci. A gene at 15q has recently been found to be responsible for a mild form of LGMD in a group of families from the isolated island of Reunion, now classified as LGMD2. Based on results of eight out of 11 large Brazilian LGMD families of different racial background (which were informative for the closest available probe to the LGMD2 gene), we confirmed linkage to the LGMD2 gene at 15q in two of these families and exclusion in six others. These data provide the first evidence of genetic heterogeneity for the autosomal recessive limb-girdle muscular dystrophies. (J7 Med Genet 1993;30:385- 7) Progressive muscular dystrophies (PMD) include a group of at least 20 distinct genetic disorders which display different patterns of inheritance and are characterised by a progressive muscle wasting and weakness. ' Among the different forms of PMD, the limb-girdle muscular dystrophies (LGMD) represent a heterogeneous group of diseases.23 Inheritance is autosomal recessive (AR) in the majority of cases with an increased rate of consanguinity among parents of affected patients. They include affected patients of both sexes and the weakness begins in the shoulder or limb-girdle with no facial muscle involvement. The clinical course is variable from very severe forms with onset in childhood and very rapid progression24-6 to mild types with onset in the second or third decade and a much slower course.23
The distinction between the different AR forms is extremely difficult based on clinical or laboratory findings, so the only way to assess the problem of genetic heterogeneity is through linkage analysis in an attempt to verify if there is more than one gene responsible for the different subtypes.
The identification of a sequence on chromosome 6, which has high homology with the dystrophin locus,7 led to the suggestion that this gene might be responsible for one of the AR forms of LGMD. However, a linkage analysis study using probes from the 6q2 region in 17 figure. METHODS DNA was extracted from whole blood according to the method of Kunkel et al. '3 DNA analysis was done at CEPH. The methodology for Southern blotting was the same as described previously.9 The following probes were used: D15S24 (15q13), D15S25 (15q15.1),'4 D15S2 (15ql2-q22), and DISS1 (15q14-q21). In addition, the DNA samples were analysed by polymerase chain reaction (PCR) for two loci, ACTC (15qll-qter)'4'5 and D15S143 (J S Beckmann, unpublished data). The method used for ACTC has previously been reported,'4 and was also used for D15S143 except for a lower annealing temperature (53°C). The PCR products were visualised in a 6% sequencing gel.
The last published genetic map of chromo- (table 2) , strongly supporting linkage between this locus and the disease gene in this family. These results were confirmed through the Homog tests which also showed that another family (No 1) has a 98% probability of being linked to the D15S143 locus (table 3) . However, in six families (2, 5, 7, 15, 16 , and 22) linkage with this locus was excluded, supporting genetic heterogeneity (X2= 15-11, p=000001). The remaining three families (3, 6 , and 8) were not informative for D15S143, but showed negative lod scores with the loci D15S24, ACTC, and D15S25. In addition, DISS1 in family 6 and D1SS2 in family 3 also gave negative lod scores (data not shown).
Discussion
The confirmation of linkage to the putative LGMD2 gene at 15q in two of the Brazilian LGMD families and exclusion in six others (as indicated by the Homog test) provides the first evidence of genetic heterogeneity for the AR limb-girdle muscular dystrophies.
All the affected patients from the Brazilian families included in the present study have the milder form of LGMD with clinical and laboratory findings very similar to those reported for the French families (Zatz et al, in preparation).
The LGMD families from Reunion, shown to be linked to the 15q locus D15S25,9 are Evidence of genetic heterogeneity in the autosomal recessive adult forms of limb-girdle muscular dystrophy inbred and all patients are thought to descend from a common ancestor suggesting a founder effect. It is therefore very likely that in this population all affected subjects carry the same mutated gene, similarly in the LGMD Amish families."I It is interesting to note that, in the present study, only two out of the eight informative families for D15S142 apparently carry the same mutated locus as described for the French families. Although these two families that showed linkage to the 15q locus have different racial backgrounds (one is negroid and the other caucasoid), they are both highly inbred, living in small villages about 400 km apart, which represented until recently small geographical isolates. Such findings suggest that the 1 5q gene may be responsible for only a small proportion of LGMD in our population.
Once a candidate gene is identified it is of great importance to study a large number of affected families from different populations in order to test for genetic heterogeneity and estimate the relative frequency of different subtypes of LGMD. In this respect, the inbreeding in the Brazilian population and the existence of large families with many affected subjects represent a valuable advantage. How- ever, it is important to point out that, if genetic heterogeneity exists as suggested by the present report, lod scores should be analysed independently in large informative families and not pooled from different small pedigrees.
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